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Introduction
Much know ledge has recently been accumulated about the polypeptide com position of the photo synthetic 0 2 evolving system [1] [2] [3] . Especially three polypeptides of approximately 33, 24 and 16 kDa which have been shown to be localized at the inner thylakoid surface in plant chloroplasts have received much attention [1, 4 -8] . It has been shown that these three peptides can readily be removed by vari ous washing procedures and that removal of these peptides will lead to loss of the 0 2 evolving capacity.
These three peptides have a structural rather than a catalytic role and possibly shield the water-splitting com plex from other reductants than water. It has been shown that the 33 kDa peptide is essential for Abbreviations: Enzyme: L-amino acid oxidase or L-amino acid oxygen oxidoreductase (deaminating) E.C. 1.4.3.2.
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Verlag der Zeitschrift für N aturforschung. D-7400 Tübingen 0341 -0382/85/1100 -0806 $01.30/0 preserving Mn in the 0 2 evolving system but that it can partially be replaced by high C P concentrations, and it has also been reported that Ca2-and Cl-could be substituted for the 24 and 16 kD a peptides [8] [9] [10] [11] [12] [13] , These results suggest that the required cofac tors for the water-splitting reaction (M n'+, Ca2+ and Cl-) are bound to one (or possibly two) of the intrin sic proteins, but that the protein(s) will loose its cofactors readily in the absence of the smaller pep tides. After removal o f these peptides the concentra tion of C l-and Ca2+ required for optimal 0 2 evolu tion is much increased as though these peptides cause an increase in the affinity of the intrinsic protein(s) for its cofactors [11, 12] . Nakatani [14] has suggested that minimally two Mn atoms are required for photo synthetic 0 2 evolution and in addition C l-and C a +.
It has been suggested that photosystem II of bluegreen algae is essentially similar to that of chloro plasts [15] . Since blue-green algae have a more lo o se ly organized photosynthetic membrane [16] , some of the smaller peptides may be lost more readily during preparation, and the requirement for Ca2" (and pos sibly for C P ) can be seen more easily [17] . We have shown that photosynthetically active particles of A nacystis nidulans contain a flavoprotein with lamino acid oxidase activity [18] , and we have sug gested that this protein might be a com ponent of the water-splitting-complex of photosystem II in A . nidulans. In other words, this flavoprotein might have a dual role: acting as an L-amino acid oxidase in the absence of cations and being part of the watersplitting center in the presence of certain cations (Mn2* and Ca2+). Because of the dem onstrated im portance of C P for the water-splitting com plex of chloroplasts, it should be expected that the isolated flavoprotein o f A . nidulans is also affected by C l-.
Materials and Methods

A nacystis nidulans (Synechococcus leopoliensis)
B 1402-1 was obtained from the Sammlung von Algenkulturen, Universität G öttingen. The growth of cells was the same as reported previously [18] , and the French press particles were also prepared as d e scribed previously (particles A of [18] ). 0 2 uptake and 0 2 evolution were measured with a Gilson Oxygraph [18] . The com position of the reaction mixtures for both assays is given in the legends to the tables and figures.
The L-amino acid oxidase from A . nidulans was purified as described previously [19] . We have used side fractions of the last column of the purification, 
Results and Discussion
Inhibition by various anions and cations o f L-arginine oxidation catalyzed by the p u rified L-am ino acid oxidase
We had previously shown that the oxidative deamination of L-arginine catalyzed by the purified L-amino acid oxidase of A . nidulans was inhibited by various cations and that the order of effectiveness was M3+ > M2-> M~, when e.g. L a '+, Ca2-and K~ were compared [18] . The divalent cations could roughly be divided into two groups: the alkali earth metals with lower affinity for the enzym e and the transition m etals, like e.g. Mn2+ and Zn2+, with high er affinity for the enzyme [19] . The experim ents which we show here, indicated that in the higher concentration range where the m onovalent cations inhibited, the anion as well as the cation contributed to the inhibition of L-arginine oxidation.
In all our previously published experim ents, L-arginine-HCl (L-Arg-HCl) was used as substrate. When we realized that anions, such as Cl~, also had an effect on the activity of the enzym e, we started to use L-arginine (free base) adjusted with H epes to the pH of the reaction mixture (L-Arg-H epes).
The results of the present studies are necessarily com plex. Table I shows the relative effectiveness as inhibitors of chloride and acetate with a variety of counter ions. The data is given in the form o f the salt concentration required for 50% inhibition. The table shows that a substantial difference between chloride and acetate could not be dem onstrated with the diand trivalent cations which are effective inhibitors them selves at low concentrations, but with the m onovalent cations which inhibited only at higher concentrations, the chloride was about two to three times as inhibitory as the acetate. A comparison of the effect of various anions added as the correspond ing sodium salts is given in Table II . If the halogen ions were compared at pH 7, the order of effective ness was C l-, Br-> I-> F-. N 0 3-was more effec tive than C l-, and SCN-was most effective. Formate Table I . Inhibition of L-amino acid oxidase by various salts: Comparison of mono-, di-and trivalent cations as the cor responding chloride or acetate. Oxidative deamination of L-Arg (measured as 0 2 uptake) catalyzed by the purified L-amino acid oxidase from A. nidulans was measured as described under Materials and Methods. The 0 2 uptake was 34 |.imol 0 ; taken up x mg protein 1 x min 1 in the absence of added salts. The reaction mixture contained in a total volume of 1.85 ml: 54 mM Hepes-NaOH, pH 7, 16 mM L-Arg-Hepes, pH 7, L-amino acid oxidase (2.7 ^g protein), and the salts as indicated. 0.27 Na.SO, 0.14 and acetate were approximately equivalent to F -. It should be pointed out that both anions which were more inhibitory than C P , contained a nitrogen atom. The pH profile of the L-amino acid oxidase activity is given in Fig. 1, together For the oxidative deamination reaction of lArg, the reaction mixture contained in a total volume of 1.85 ml: 54 mM buffer, 16 mM L-Arg, and L-amino acid oxi dase (2.7 |.ig protein). For the photosynthetic 0 2 evolution, the reaction mixture contained in a total volume of 1.85 ml: 54 mM buffer, 5 mM potassium ferricyanide, 54 mM CaCl2, and Anacystis particles containing 34 jig chlorophyll. As buffers were used: Mes-NaOH for pH 5.5 to 6.5, HepesNaOH for pH 7.0 and 7.5 and Tricine-NaOH for pH 8.0 to 9.0. L-Arg was adjusted to the corresponding pH values with Mes (pH 5.5 to 6.5) or with Hepes (pH 7.0 to 9.0). Oxidative deamination of L-Arg (measured as 0 2 uptake) was measured as described under Materials and Methods. The reaction mixture contained in a total volume of 1.85 ml: 54 mM buffer, 16 mM L-Arg, lamino acid oxidase (2.7 pig protein), and the salts as indicated. The buffers used were the same as in Fig. 1 , and L-Arg was also ad justed to the corresponding pH valued as in Fig. 1 . When CaCl2 and MnCl2 were tested, Hepps-NaOH was used instead of TricineNaOH, since Tricine binds polyvalent ca tions.
Effect o f anions on photosynthetic 0 2 evolution
The Table II ). Since CL (or Br") is specifically required for activation of the 0 2 evolution, it might be expected that those anions which have a higher inhibitory effect and therefore a higher affinity for the enzym e than C l-should be most inhibitory for 0 2 evolution, presumably by replacing C L.
The experim ents here reported have been done with French press particles of A . nidulans as de scribed previously [18] . These particles were pre pared in the presence o f CaCl2 but then suspended in buffer without CaCl2. The particles still contain suffi cient M n2+, but only residual amounts of Ca2+ and C L. They require addition of CaCl2 to the reaction mixture for optimal 0 2 evolution activity. NaCl at high concentrations can also lead to stimulation of the 0 2 evolution activity, but Ca2+ is required to ob tain maximal activity (see also [13] ). Flowever, high concentrations o f CaCL becom e inhibitory (Fig. 3) .
The pH profile for the 0 2 evolution in the presence of CaCL is given in Fig. 1 .
Fig. 3. Stimulation of photosynthetic O; evolution in
Anacystis particles by CaCl2 or NaCl. Photosynthetic 0 2 evolution was measured as described under Materials and Methods. The reaction mixture contained in a total volume of 1.85 ml: 54 mM Hepes-NaOH, pH 7, 5 mM potassium ferricyanide, Anacystis particles containing 34 jxg chlorophyll, and CaCl2 (
• ---------• ---------• ) or NaCl (O-O-O) as indicated in the Fig.
Tim e (min) Fig. 4 . Stimulation of photosynthetic 0 2 evolution in Anacystis particles by CaCl2 or CaBr2. Photosynthetic 0 2 evolution was measured as described under Materials and Methods. The reaction mixture contained in a total volume of 1.85 ml: 54 mM Hepes-NaOH, pH 7, 5 mM potassium ferricyanide, Anacystis particles containing 23 (.ig chlorophyll, and 54 mM CaCl2 or 54 mM CaBr2 was added when indicated.
When no CaCl2 was added to the Anacystis parti
cles, the 0 2 evolution was very small (Fig. 4) . A cti vation could be obtained with CaCl2 or CaBr2. Both anions are very similar in Pauling radii (1.81 and 1.95 Ä , respectively) and have practically identical inhibitory effects on the L-amino acid oxidase activity (see Table II ). All other tested anions (except C land Br-) inhibited photosynthetic 0 2 evolution. Fig. 5 . Influence of various anions on photosynthetic 0 2 evolution in Anacystis particles in presence of CaCl2. Photosynthetic 0 2 evolution was measured as described under Materials and Methods. The reaction mixture con tained in a total volume of 1.85 ml: 54 mM Hepes-NaOH. pH 7, 5 mM potassium ferricyanide, 54 mM CaCl2, and Anacystis particles containing 31 ng chlorophyll. In addi tion were added: 54 mM NaCl, 54 mM Na(OOCCH3), 54 m.M NaNO,. or 11 mM NaSCN, when indicated. can be said that except for C P and Br~ which have a clear and rather specific stimulatory effect on the photosynthetic 0 2 evolution, the other anions tested were inhibitory for 0 2 evolution as well as for lamino acid oxidase activity.
Relationship between the effect o f L-arginine and chloride on the oxidative deam ination reaction and on photosynthetic 0 2 evolution
W e have been puzzled about the fact th a t we did n o t see an inhibition of the p hotosynthetic 0 2 ev o lu tion by substrates of the L-amino acid oxidase, like e.g. L-arginine. Since L-arginine and C a2+ are partly com petitive in the oxidative deam in atio n reaction [19] , it w ould -on the o th e r h an d -be ex pected th a t the photosynthetic 0 2 evolution is inhibited by L-arginine at very low concentrations o f C a2"^ if this flavoprotein with L-amino acid oxidase activity is ac tually p art of the w ater-splitting com plex. H ow ever, this could norm ally not be observed [18] , although th e re was a small effect of arginine on p h otosynthetic 0 2 evolution under flash light illumination [25] .
Since we had always used L-arginine-HCl as sub strate in our previous experim ents, we can now attri bute the absence of an L-arginine effect to the pres ence of C P in the added L-arginine solution. C F would inhibit the oxidative deamination of L-arginine but would stim ulate photosynthetic 0 2 evolution. This becom es even more com plicated, since cationic amino acids could assist in C l-binding through Coulom bic interactions and thereby increase the C P concentration at the water oxydation site. This has recently been discussed by Andersson et al. [12] who suggested that one of the functions of the 23 kDa peptide which has a high percentage of basic amino acids, might be that those basic amino acids in the peptide help to concentrate C P at the reaction center.
The antagonistic effects of L-arginine and C P on the oxidative deam ination reaction and on photo synthetic 0 2 evolution in A nacystis French press par ticles are shown in Table III . The oxidative deam ina tion is m easured as N H 4+ production from L-ar ginine. These experim ents were done with A nacystis particles in the light with ferricyanide as electron ac ceptor and in the absence of added CaCl2.
The results show that addition of L-arginine re sulted in N H 4+ production which was higher with larginine-H epes than with L-arginine-HCl as expected because of the inhibitory effect of added C P on the Table III . Effect of amino acids on photosynthetic 0 2 evolution and NH4+ production catalyzed by Anacystis par ticles in the light and presence of ferricyanide. Oxidative deamination of L-Arg (measured as NH4+ pro duction) and photosynthetic 0 2 evolution were measured as described under Materials and Methods. The reaction mixture contained in a total volume of 1.85 ml: 54 mM Hepes-NaOH, pH 7, 5 mM potassium ferricyanide, Anacys tis particles containing 75 (xg chlorophyll, and the various amino acids (49 mM) as indicated. The reaction time was 15 min. The conditions used were not optimal for photo synthesis, since larger amounts of particles were necessary to get adequate NH4+ determinations. Since the C P concentration cannot be increased without also increasing the cation concentration, the antagonistic effects of various salts on the two reac tions (oxidative deamination and photosynthetic 0 2 evolution) are always the sum of the anion and cation effect (especially when m onovalent ions, such as NaCl, were used). Table IV [18, 19] but also by anions. The amino acid oxidase activity is suppressed by all tested cations and anions while only specific ions (M n2+, Ca2* and C P ) will lead to activation of the photosynthetic 0 2 evolution. As shown here, these ions can fairly easily be removed by the other ions (see also [18] ), especially by those ions for which the flavoprotein has a higher affinity than for Ca2~ or C P . This is in good agreement with results recently reported on photosystem II of plants. Those experim ents seem to indicate that the watersplitting com plex has a fairly weak affinity for its required cofactors and that several smaller peptides help to concentrate or stabilize those ions at the wa ter-splitting center [8] . A n involvem ent of both nega tively charged and positively charged groups in main taining the functional integrity of the site of water oxidation has also been suggested by Johnson et al. [18] . R e cently Satoh et al. [3] have isolated a highly purified photosystem II com plex from Synechococcus sp. and named this com plex the "water-plastoquinone oxidoreductase" in analogy to the "N A D H -ubiquinone oxidoreductase" in the mitochondrial respiratory chain. We eventually hope to isolate an equally high ly purified photosystem II com plex from A . nidulans and to show that such a com plex still contains the L-amino acid oxidase activity. This would then imply that such a com plex contains flavin.
